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The litcrature discussing future human impacts on the biosphere has tended to focus
on the metaphor of the next (sixth) mass extinction. I outline some benefits of anoth-
er metaphor, that of the New Pangea. Conceptualizing human impacts in this way
not only emphasizes the inevitable loss of global biodiversity but also includes the
loss of regional diversity that occurs through homogenization, when unique native
specics are replaced by a relatively limited pool of widespread exotic species. The
New Pangea metaphor thus emphasizes not only the “losers” of the next extinction
but also the “winners”, those species that will inevitably thrive. This metaphor spec-
ifies how human impacts are operating to alter the biosphere because biotic homog-
enization is a two-step process consisting of human-accelerated: (1) long-distance
dispersal including removal of barriers; and (2) replacement of diverse natural habi-
tats with a much smaller diversity of human-dominated habitats that will support a
smaller global diversity of species. The process is enhanced even more by the highly
selective nature of human transport and habitat creations so that species from cer-
tain groups disproportionately become winners or losers. The ultimate outcome will
likely be a superhomogenized biosphere, with biotic intermixing on a scale far
greater than any time in Earth’s history. Conservation efforts to slow down the
extensive species intermixing will be impeded by the fact that exotic species often
increasc species richness and spatial diversity (species turnover) at local scales. The
general public and their policymakers, who typically perceive the world only at local
scales and often value exotic species for crops, pets and many other utilitarian rea-
sons must be educated about the global and long-term consequences of biotic
cxchanges.

Comparison of current human impacts on the biosphere to diversity patterns in the fossil
fecord is esscntial for conservation biology (Purvis et al. 2000a, 2000b). Without some kind of nat-
gfﬂl baseline, it is impossible to understand the radical changes being made to our current biosphere
cgﬂ:llmans.. ; .x%lmples of c.rucial l?aseline parameters il.lclu.de extinction r.ates, rates of biotic inter-
eXtingcf" extinction selectivity (which taxg are more ex.tmc.tlon—prone) du.rmg background and mass

lons, and recovery patterns following mass extinctions (Jablonski 2001).
abou?g}wevcr. an.important message of the fossil record is thgt it is often difficult to generalize
B ese baseline pararpeters (W(l)odru.ff 2001). One reason is that the she;r gomplemty of tl}e
ind 1y e.re does not make it easy to find simple rules. Increasing this corr.lplex1.ty is that thej drastic
any phpld‘ changes being wrought by hum.ans are pr.obab!y even more rapid, unique and varied than
b OSSi);Slcal changes that have 9ccurred in geolog.lcal history (Westerq 200 1.). Stlll other obstac.les
Xtin versus modern.comparlsons arc pragmatic, such as the practical difficulty of measuring

On rates now or in the past (Regan et al. 2001).

Despitt‘ these problems, there is a substantial literature relating modern extinctions to the fos-

119



120 PROCEEDINGS OF THE CALIFORNIA ACADEMY OF SCIENQ
Volume 56, Supplement I, No, |

sil record. Perusal of this literature reveals two major metaphors that have emerged. One is that‘
the Sixth Mass Extinction (Leakey and Lewin 1995; Pimm and Brooks 2000), which relates ghe
impending biotic crisis to the previous five global catastrophes that eliminated a large proportig
of species. The second metaphor is the New Pangea (Rosenzweig 2001a, 2001b), which relates th
impending crisis to the biotic reorganizations that occurred during the assembly of the Pange
supercontinent in the late Paleozoic Era.

In this paper, 1 discuss the New Pangea metaphor, and some of its advantages. Unless humang
disappear, the impending biotic crisis will apparently be a prolonged one. The Sixth M
Extinction metaphor implies that the impending crisis is some kind of single event. Also, the New
Pangea metaphor focuses on both winners and losers of global environmental change. Extinction
is nearly always selective (McKinney 1997) with some groups being selectively removed whereas
other groups selectively benefit (McKinney and Lockwood 1999). In discussing a New Pangea, it
is possible to conceptualize certain groups as beneficiaries. The Sixth Mass Extinction emphasizes
only one side of this ledger, the losers. A final advantage of the New Pangea metaphor is its explics
itly geographic component. As Jablonski (2001) noted, considerations of the current biotic crisis
need to incorporate the reality that extinction rates now vary substantially among regions, justas
they often have in the past. The New Pangea metaphor includes this, by noting that the winners of
the impending global changes will tend to undergo geographic range expansion, replacing the los-
ers whose ranges will shrink or disappear.

Like most metaphors, the New Pangea one is not perfect, and it certainly is not my own idea.
Pangea is not a perfect metaphor for the future biosphere in part because the end-Permian mass
extinction resulted from a combination of many factors, of which continental assembly was only
one (Erwin 1993). In addition, human alterations of the biosphere are so rapid and are occurring if
so many ways that any comparison with the comparatively simple natural dynamics of the past
must be considered as speculative,

To my knowledge, Rosenzweig (2001a, 2001b) was the first to use this metaphor in its current
context, although Brown (1995) reviews some very relevant species-area calculations predicting
biotic homogenization from the removal of geographic barriers. Also, several related allusionsto
the future homogenized biosphere have acquired some currency in the literature. The tef
“Homogocene™ has made its appearance in several places (e.g., Guerrant 1992) to describe the next
geologic epoch. David Quammen (1998) has labeled the future biosphere as the “planet of weeds"
Although this latter metaphor is certainly colorful, I suggest that the New Pangea concept is MOES
informative because future winners of the human-dominated biosphere will consist of more than
only “weedy’’ species, most notably pets, ornamental plants and other species that we cultivaté for
our own uses. The Pangea concept also conveys much about the processes that will shape our future
biosphere.

NEW PANGEA: TRANSPORTATION PLUS INCREASING HABITAT UNIFORMITY |

The extinction of local native species and their replacement with widespread species ot
another locality are ongoing processes that promote biotic homogenization (Olden and Poff 2003
Olden et al. 2004). The mixing process has only just begun but its effects are visible to anyon€ whOﬁ
travels very far, especially to islands, where biotic homogenization is most apparent in such group?
as birds (Harrison 1993) and snails (Cowie 2001). 4 .

Homogenization is probably an inevitable trend of a globalized modern world, occurring “{lth d
culture and technology as well. Commentators in several fields of study often note the increasifé
uniformity of the world by the loss of local and regional distinctiveness (Quammen 1998; Wesle |
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2001; Olden et al. 2004). In the social realm of economics and culture there is growing concern
over “globalization,” whereby the wide diversity of the world’s cultures is becoming replaced by a
slobalized mass culture (Goldsmith and Mander 2001).

A Although humans are obviously not forcing the continents together, we are recreating many of
the major conditions found in ancient Pangea that promoted species mixing. Specifically, modern
species mixing is promoted by two distinct steps: increasing dispersal and the spread of habitat uni-
formity. In the past, increased dispersal occurred by the removal of barriers. Now, humans not only
remove barriers (e.g., the Panama Canal) but we also accidentally or intentionally transport species
all over the globe.

The second step in the mixing process, habitat uniformity, is perhaps less obvious and is given
less discussion in the scientific literature on species mixing. But this second step is very important
because any species immigrating into an area cannot become established unless the area provides
suitable habitat. In the future, the widespread creation of human-dominated habitats, such as cities
and farmland, will provide the habitat used by introduced species (Woodruff 2001, and see below).

1t is commonly noted that current extinction rates are orders of magnitude higher than those of
the past (Woodruff 2001). In contrast, I know of no one who has compared rates of exotic species
introductions to biotic exchanges in the past. Clearly, this is a difficult comparison to make, espe-
cially in light of our lack of knowledge of current species introductions in the marine realm where
fossil data are most complete. However, what we do know about marine introductions from the
global shipping industry (Ruiz et al. 2000) makes it evident that current rates of introduction are
very high, on the order of hundreds of species introductions per year for most large geographic
regions, and probably increasing exponentially.

Thus, as with extinctions, modern introductions are orders of magnitude higher than natural
background rates, and they probably also exceed introduction rates even during past natural cata-
strophic episodes. In other words, rates of biotic homogenization are also orders of magnitude
higher than at any time in earth’s history. This is because of the high rate of dispersal (transporta-
tion) plus the high rate of habitat creation for exotic species. Ultimately, for reasons I discuss next,
the overall extent of homogenization also seems likely to exceed that of the past.

SUPERHOMOGENIZATION: CREATING WIDESPREAD HABITAT FOR A FEW NEWCOMERS

Most human activities transform natural ecosystems in ways that reduce habitat for native
Species, and create habitat for nonnative species (Williamson 1996). There are many examples, so
Lwill focus on three of the most obvious and widespread activities: urbanization, pollution, and
Other “disturbances™ and cultivation.

Urbanization is one of the fastest-growing causes of habitat loss for native species (McKinney
2002). To the frequent traveler, homogenization is probably most visible in the increasing physical
Smeness of cities of the world. As James Kunstler (1995) describes so well in his popular book,
SThe Geography of Nowhere, the rise of modern industry in the 1800’s was accompanied by .the
OI;read of advanced technologies, such as steel-reinforced concrete, that alllowefi the cr'or.lstructllon
larSkYSCrapcrs to house increasing numbers of people. Although they may differ in st}fllstlc details,

ge office buildings tend to converge in their appearance. Kunstler (1995) also describes the post-
orld War 11 mags production of suburban housing subdivisions in the United States. Since 1945
Merican suburban housing has become dominated by development corporations that buy large
Par‘cels of land that are subdivided into small plots for houses based on a very small nymber of

i design schemes,
his Widespread physical uniformity promoted by urbanization is accompanied by an increase
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in biological uniformity. For example, well over 50% of the plant species found in most m
cities around the world are not native to the region where the city is located (Pysek 199
Similarly, urban-rural gradient studies show that the proportion of exotic species increases from
countryside to reach a peak in the highly urbanized downtown areas. This pattern has been do
mented for many groups, including plants, birds, mammals, and insects (Blair 2001; McKin
2002). As a result, synanthropic species, well adapted to intensively urbanized city areas,
among the widespread and homogenized biota in the world (Johnston 2001).

Another kind of widespread habitat change would include pollution and many other ways
humans degrade natural ecosystems. Extreme pollution of air, water, and land often degrades th
media to the point that only a few nonnative species are able to tolerate habitats in them. An exa
ple would be carp and other freshwater fishes adapted to polluted waters (Rahel 2002). Simil
fragmentation of forests by logging, roads and human settlements increases the exotic plant in
sion rate (MacQuarrie and Lacroix 2003).

Finally, cultivation of species is a major mechanism of homogenization. Monocultures
food, timber and many other plant products are increasingly widespread in many parts of the wo
Examples where homogenization by these activities has been discussed would include coffee pla
tations (Marcano-Vega et al. 2002) and agricultural land use in Puerto Rico (Grau et al. 2001).

MEASURING B1oTic HOMOGENIZATION

Despite the increasing biotic homogenization caused by human activities, there have beensu
prisingly few attempts to study, and especially measure it. In those few studies where biologi
homogenization is actually measured (e.g., Rahel 2000, 2002; Blair 2001), the most comim
method is Jaccard’s similarity index. This index measures the proportion of species that are shaf
between two locations:

Jaccard’s Index (JI) = c/(a + b + ¢)

where ¢ = number of species in common to both locations, a = number of species only found ats
a. and b = number of species only found at site b. JI can vary between 1 (all species shared) &
(no species shared) between the two locations.

A basic null hypothesis for homogenization studies to test is that humans should gene
increase Jaccard’s Index, or similarity of species among locations. When humans remove upi
native species, we increase J1 by decreasing a and b in the denominator. Conversely, when W€
widespread non-native species that are shared between both locations, we increase the numerd
For example, using Jaccard’s Index, Rahel (2000, 2002) found that the fish faunas of states in
U.S. have become more similar, largely because of introductions of game fishes plus the Wi_
spread alteration of aquatic habitats from dams, dredging and many other human activities. AS
ilar pattern was found by Marchetti and others (2001) for fishes in California. They demons
that the J1 increased through time, as humans increasingly modified water bodies. I found the
pattern with plants among various locations in the United States, where increasing species rich
of exotics tended to increase the JI (McKinney 2004).

We might expect that, as humans increasingly modify environments, we should find in€
ing similarity among these modified locations. The most intensively altered environments, such
highly urbanized areas, should thus show the greatest amount of homogenization. Evidence for
has been especially well documented by biologists studying birds. Blair (2001), for example,
Jaccard’s Index to show that the birds of downtown Palo Alto, California are relatively simila



WCKINNEY: NEW PANGEA 123

the birds of downtown Oxford, Ohio. In contrast, when he compared the birds living in the natural
eqvironments outside those cities, they were very dissimilar (Blair 2001).

In addition to similarity indices such as Jaccard’s Index, another way to measure homogeniza-
jon is the specics-area curve. Rosenzweig (2001a, 2001b) discusses how the slope of the species-
area curve tends to be higher when sampling areas with many unique species, such as islands,
mountains, or highly diverse tropical rainforests. Conversely, as humans homogenize islands, and
all other habitats, new species will accumulate more slowly on species-area curves because local-
ly unique species are lost and more species are shared among areas. In other words, homogeniza-
iion tends to lower the slope of the species-area curve. This was found, for example, by Flather
(1996) when comparing curves of bird species in intensively farmed regions of the United States
(which are very homogenized) versus bird species in more natural areas of the United States. In his
book Macroecology, James Brown (1995) uses species-area patterns to predict that between
35-70% of specics now on Earth will disappear if humans completely homogenize the global biota.
lused this method to predict the loss and homogenization of marine species from the building of
the Panama Canal, and concluded that it seems to be fairly accurate (McKinney 1998).

1 hastent to add that the species-area method to predict species homogenization is fraught with
many problems and assumptions. These problems have been discussed at length by Collins and
others (2002) and they make a persuasive case that such predictions are very tentative. However,
the species-area curve is well known, and it is a good way to at least conceptually visualize how
homogenization affects large-scale patterns, especially where such complexities as habitat diversi-
ty are also factored in.

Thus far, I have focused on measuring homogenization as the number of shared elements.
Jaccard’s Index measures the number of shared species between ecosystems, and the species-area
curve tabulates species accumulation along a sampling gradient. One important limitation on this
method is that it assumes that the elements counted are individual and distinctive units. But many
of these elements can be blended with one another. Cultural items including architectural styles and
languages, for instance, are often blended, as evidenced by such dialects as Creole. This is also true
of biological homogenization, where distinct but related species can sometimes interbreed when
exotic species are introduced.

Sometimes called “genetic or biological pollution,” this genetic intermixing between native
ind a related introduced species has become increasingly common (Petit 2004). Many examples
dre documented in a review by Rhymer and Simberloff (1996). Some of the more familiar exam-
Ples would include the genetic mixing of many introduced crop plants with their wild relatives.
A"ng animals, mallard ducks (often introduced for hunting) are infamous for interbreeding with
fative ducks. For instance, hybridization with introduced mallards has contributed to the decline of
?c]edznﬁangercd, endemic Hawaiian duck. Mating with fera‘l housecats has contributed to the genet-
Amec' ine aWOQg SCVCYE.ll species of wildcats native to Afrl.ca an.d Europe, and th§ bobcat of North

reedl?ca. A.smnlar decline has occurred among several native w11d-sp601es of canids, through inter-

Ing with domesticated dogs. Examples include many populations of wolves. In Europe, what

a:i been considered pure wolf (Canis lupus) populations have turned out to be largely hybri.ds

nm“oe:l“ W.Olv,_*\‘ and domestic and fer.al dogs ('Cam's famillarzs). Qenetlc blendmghamon;;; specics

PFOCCSSy dilutes the gene pool of native species and subspecies, it also affects the evolutionary
(Olden et al. 2004).

Even if we set aside the problem of blending among elements, a more thorough measurement
Spec;:;’ogeni‘mtion requires that we look beyond tabulating the number of elements _(;UCh laS
- architectural styles, or languages) that are shared. We also should try to examine the rela-

Bbundance of each element where we can. For example, suppose We compare two cities and
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find that they share all ten species of non-native birds in them. But what if all ten species are
common in one city and they are all very rare in another? We might not even see the birds i
city where they are rare. In other words, the similarity among cities is even greater where spe
are not only shared, but where each species has similar abundances in each city. Ecologists
the ability to incorporate abundance data into such comparisons by using the Bray-Curtis and
eral other indices (Waite 2000). However, I am not aware of any studies of homogenization
have included abundance data thus far.

In addition to homogenization from the exchange of species and genes, we should also ¢
sider other ways that the biosphere is becoming more uniform. Olden and others (2004),
instance, have noted the potential importance of functional homogenization. This examines
increasing similarity among human-disturbed ecosystems in such community traits as energy fl
food web structure and complexity, and chemical cycles. These new homogenizing human-d
nated ecosystems tend to be more simplified than natural ones (Western 2001). From an energy
spective, one may see this as a process whereby the few species that can exploit sources of fi
increasingly provided by human activities become widespread. Examples include species
exploit cultivated plant communities such as crops or suburban ornamental plants, and species
thrive on garbage, bird seed and other forms of imported foods. In many cases, these “subsidiz
species attain population densities far above their natural abundance, such as documented in
otes of southern California (Fedriani et al. 2001).

THE CONSERVATION CHALLENGE OF LocAL DIVERSITY BUT GLOBAL MONOTONY

An important consequence of biotic exchanges in the past is that they sometimes have lé
increases in local and regional diversity (Vermeij 1991). This is also often true today, as hu
activities increase the number of species in an area. Sax and Gaines (2003) have reviewed the
erature to document such local and regional increases produced by exotic species for many grou
especially plants and freshwater fishes. 1n such cases, the number of exotic species gained exce
the number of native species that become extinct (Mooney and Cleland, 2001; Rosenzweig,
2001b). A main explanation for this species enrichment is that increasing modification of the en
ronment not only degrades habitats of native species but also creates a diversity of habitats
many exotic species that are imported by humans (Sax et al. 2002). Cities, for example, often h
a greater richness of plant species than surrounding areas for this reason (Pysek 1998) be¢
cities have a rich variety of land-use and habitat mosaics (McKinney 2002). Similarly, subur
landscapes are very rich in lawn grasses, shrubs, flowers and trees that are cultivated by home®
ers (Hope et al. 2003).

The problem for biodiversity conservation is that despite these local species enrichm
global biodiversity continues to decline. Furthermore, because these locally diverse exotic Sp®
are typically widespread species, there is a global trend of increasing homogenization (ROSENZ¥E
2001a, 2001b). Harrison (1993) documented this process on Pacific islands. She showed tha
extinction of native birds by exotic birds introduced by humans has increased the net Jocal (al
bird diversity on those islands. However, the total regional bird diversity of those islands
declined because the introduced birds tend to be the same species that are shared among
islands. From a genetic perspective (Petit 2004), this process represents the loss of uniqueé &
and genomes which are replaced by more common ones.

This pattern of local enrichment but global decline is a crucial one for conservation biol
because it may divert public attention away from the more global problem of global spe
decline. The general public, and most policymakers, tend to think mainly at local scales (O

[\
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and Ehrlich 1989). This is illustrated by the fact that, although people often value species diversi-
ty, mOSt of the general public cannot identify whether a local species is exotic (McKinney 2002)
and, even when they do know it is exotic, they still place a high value on that species if it is aes-
thetically pleasing (Reichard and White 2001), good for sport or has some other utilitarian value
(Brown et al. 1979; McKinney 2002).

ENHANCING HOMOGENIZATION: WINNERS AND LLOSERS ARE CLUMPED IN GROUPS

Extinction is almost never random. Ecologists and paleontologists have accumulated a large
literature documenting how certain traits make some species more prone to extinction (McKinney
1997, Purvis et al. 2000a, 2000b). In general, these traits are correlated with a higher risk of extinc-
tion in the past, and in today’s human-dominated world. Examples of such extinction-promoting
traits include: low abundance, large body size, slow reproduction, specialization (such as a special-
ized diet or habitat), and adaptation to island life.

In addition, traits such as body size and reproductive rate tend to be shared by closely related
species so that some phylogenetic and taxonomic groups tend to contain more species at risk
(McKinney 1997; Purvis et al. 2000a, 2000b). Birds are among the best studied in this respect. For
instance, Lockwood and others (2000) found that certain bird families, including the pigeon fami-
ly and the parrot family, have a higher concentration of globally threatened species than would be
expected if globally threatened bird species were randomly distributed among families. In accord
with the extinction-biasing traits noted above, pigeons and parrots tend to be large and slowly
reproducing birds. In addition, they are also often harvested for food and pets. In contrast, the
woodpecker family has fewer threatened species than expected. Similarly, a study of threatened
veriebrates of the United States showed that threatened species of mammals, birds, reptiles,
amphibians and fishes tended to be concentrated within certain genera (Lockwood et al. 2002).
This concentration of species losses in certain groups can accelerate biodiversity loss, essentially
by disproportionately pruning certain branches on the phylogenetic tree (Purvis et al., 2000a,
2000b).

The concentrated loss of species also can enhance biological homogenization. By removing
Species that bélong to unique groups, biological communities lose their most distinguishing ele-
ments. Homogenization is enhanced if those species that expand their geographic ranges (the win-
Ners) are not randomly distributed among groups but are concentrated within the same few groups.
For example, Lockwood (1999) found that bird species purposely introduced and established by,
humans are not randomly distributed among families but have been concentrated in certain fami-
!leS. The duck and pheasant families are examples. In their case, these species have been mainly
Miroduced for their value as game birds. Aside from human preference (such as sport for game
b”ds), another key reason for clumping is that species in certain groups have, by evolutionary
_Chance, evolved adaptations for exploiting the kinds of habitats that humans often create. Species
" the grass family, for example, tend to be well adapted as weeds and have often spread widely for
;:i[l]t reason (Dachler 1998). Among insects, flies and beetles (among others) seem to be overrepre-

ted (Vazquez and Simberloff 2001).
R The .imp| rtant outcome is that humans not only replace locally unique spec.ies with the sime
the dsfe‘:leﬂ- I_DUt those same few species tend to l?e from the same few taxo.nomlchgroupsl,l suc z;s
nizatiOCk family (amorTg birds) and the grass family (among plagts). Clumping enhances homog
n because our biota not only consists of the same few species, but, because they are from the

s . g
Sgg few groups, even these few tend to be similar to one another (McKinney and Lockwood
).
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Clumping is not limited to taxonomic groupings. Winners and losers are often nonrando
distributed among ecological groupings as well. Specics adapted to the forest edge and species
are generalists and have a broad diet, for example, are often favored in human-dominated envin
ments (McKinney and Lockwood 1999; Western 2001). Again, this enhances homogenizaf
because the world becomes dominated by species in these categories.

ConcLUSIONS: How BLENDED THE FUTURE B1OSPHERE?

How far will the mixing process go in the future? Efforts to answer this are impaired by ¢
lack of study of homogenization. Most of the few homogenization studies thus far have analyz
freshwater fishes, perhaps because this group has experienced some of the most extensive hom
enization of all groups. These studies include fishes in the United States (Radomski and Goe
1995; Rahel 2000, 2002; Marchetti et al. 2001 Scott and Helfman 2001) and in the state
Tennessee (Duncan and Lockwood 2001). In addition, homogenization has been studied in Paci
island snails (Cowie 2001), Pacific island birds (Harrison 1993) and urban birds in the Uni
States (Blair 2001). McKinney (2004) found that exotic species increase homogenization am
North America flora. The main metric of homogenization in all these studies has been to com
the species composition of communities before and after human disturbance and the introducti
of exotics. In all cases, these studies conclude that human activities have significantly increased
amount of homogenization by increasing the proportion of shared species among human-disturb
communities.

It seems likely that homogenization will continue for many decades and will eventually pr
duce a biosphere that is more homogenized than any in Earth’s history. In the first place, there
enormous potential for species movement in today’s world, with modes of transportation that
casily leapfrog over all natural barriers. In the second place, there is a greater potential in toda
Pangea for homogenization of the physical environment. As humans destroy unique natural en
ronments, they tend to replace them with the same types of artificial environments throughout t
world. For reasons of efficiency and human tastes, cities, farms, roads, airports, and most ot
human environments tend to have much more in common with similar human environments el
where in the world than with their original natural environment. In the third place, human selecti
ity, by concentrating the winners and losers of the next mass extinction into certain higher taxa
ecological categories (e.g., early successional species), will likely enhance homogenization.

Will the entire biosphere ultimately become completely and uniformly homogenized? It s€
unlikely. Natural limits on species ranges include physical geographic gradients such as clim
and soil. For example, one can speculate that the tropical South American exotic species thath
thrive in the cities of South Florida will probably not persist in the cities of Canada. Hufih
imposed limits to homogenization may also exist. Conscious efforts to reduce native SPe€
extinction, non-native species transport and establishment, and many other conservation effo
could, in theory, curb the ultimate extent of biological homogenization.

LITERATURE CITED

BLAIR, R.B. 2001. Birds and butterflies along urban gradients in two ecoregions of the United States: Pa
33-56 in J.L. Lockwood and M.L. McKinney, eds., Biotic Homogenization. Kluwer, New York, New Yo

BrOwN, J.H. 1995. Macroecology. University of Chicago Press, Chicago, 1llinois, USA. 269 pp.

BrowN, T.C., C. DAWSON, AND R. MILLER. 1979. Interests and attitudes of metropolitan New York resid
about wildlife. North American Wildlife Natural Resource Conference 44:289-297.



| JICKINNEY: NEW PANGEA po

COLLINS. M.D., D.P. VazQUEZz, AND N.J. SANDERS. 2002. Species-area curves, homogenization and the loss of
Jobal diversity. Evolutionary Ecology Research 4:457-464.

cowie, RH. 2001. Decline and homogenization of Pacific faunas: The land snails of American Samoa.
Biological C ‘onservation 99:207-222.

pagnLER, C.C. 1998. The taxonomic distribution of invasive angiosperm plants. Biological Conservation
84:167-180.

DUCAN, J.R., AND J.L. Lockwoob. 2001. Spatial homogenization of the aquatic fauna of Tennessce. Pages
259-278 in J.L. Lockwood and M.L. McKinney, eds., Biotic Homogenization. Kluwer, New York, New

York, USA.
ErwiN, D.H. 1993, The Great Paleozoic Crisis. Columbia University Press, New York, New York, USA. 327

p.

ER\S]N, D.H. 1996. Understanding biotic recoveries. Pages 398418 in D. Jablonski, D.H. Erwin, and J.H.
Lipps, eds., Evolutionary Paleobiology. University of Chicago Press, Chicago, Illinois, USA.

Erwin, D.H. 2001. Lessons from the past: Biotic recoveries from mass extinctions. Proceedings of the
National Academy of Sciences USA 98:5399-5403.

FeprIANI, J.M., T.K. FULLER, AND R.M. SauvaloT. 2001. Does availability of anthropogenic food enhance
densities of omnivorous mammals? An example with coyotes in southern California. Ecography
24:325-331.

FLaTHER, C.H. 1996. Fitting species-accumulation functions and assessing regional land use impacts on avian
diversity. Journal of Biogeography 23:155-168,

GOLDSMITH, E.. AND J. MANDER. 2001. The Case Against the Global Econonty. Earthscan, London, England,
UK. 328 pp.

GrRAU, H.R., T.M. AIDE, J.K ZIMMERMAN, J.R. THOMLINSON, E. HELMER, AND X.M. Zou. 2001. The ecologi-
cal consequences of socioeconomic and land-use changes in postagriculture Puerto Rico. BioScience
53:1159-1168.

GUERRANT, E.O. 1992, Genetic and demographic considerations in the sampling and reintroduction of rare
plants. Pages 321-344 in PL. Fiedler and S. Jain, eds., Conservation Biology. Chapman and Hall, London,
England, UK.

HarrIsoN, S. 1993. Species diversity, spatial scale, and global change. Pages 388-401 in P. Kareiva, J. King-
solver, and R. Huey, eds., Biotic Interactions and Global Change. Sinauer, Sunderland, Massachusetts,
USA.

Hope, D., C. Gries, WX. ZHu, W.E. FacaN, C.L. REDMAN, N.B. GRimM, A.L. NELSON, C. MARTIN, AND A.
KiNziG. 2003. Socioeconomics drive urban plant diversity. Proceedings of the National Academy of
Sciences USA 100:8788-8792.

JABLONSKI, D. 2001. Lessons from the past: Evolutionary impacts of mass extinctions. Proceedings of the
National Academy of Sciences USA 98:5393-5398. )

Jonxston, R 1. 2001. Synanthropic birds of North America. Pages 49-67 in J.M. Marzluff, R. Bowman, and
R. Donnelly, eds., Avian Ecology in an Urbanizing World. Kluwer, Norwell, Massachusetts, USA.

KU"“'STLER, LH. 1995. The Geography of Nowhere. Simon & Schuster, New York, New York, USA. 303 pp.

LEAKEY, R., anp R, LEWIN. 1995. The Sixth Extinction. Doubleday, New York, New York, USA. 271 pp.
KWoon, J.L.. 1999. Using taxonomy to predict success among introduced avifauna. Conservation Biology
13:560-567.

KWoop, J 1., T.M. BROOKS, AND M.L. MCKINNEY. 2000. Taxonomic homogeniza
M. Animal Conservation 3:27-35.
f<W00D, J.L., G.J. RUSSELL, J.L. GITTLEMAN, C.C. DAEHLER, M.L. McKINNEY, AND A. PURVIS. 2002. A met-
\ L\EC for analy zing taxonomic patterns of extinction risk. Conservation Biology 1§: 1137-1142. ’
QUARRII‘., K., AND C. LacrOIX. 2003. The upland hardwood component of Prince Edward Island’s rem-
Tmt Acadian forest: Determination of depth of edge and patterns of exotic plant invasion. Canadian
\ AR‘;‘[‘\ZW of Botany 81:1113-1128. -
NO-VEGA, H., T.M. AIDE, AND D. Barz. 2002. Forest regencration 1n
\ ’“P;aStures in the Cordillera Central of Puerto Rico. Plant Ecology 161:75-87.
CHETTI, M.P, T, Ligur, J. FeLcIaNO, T. ARMSTRONG, Z. HOGAN, J. VIE

tion of the global avifau-

abandoned coffee plantations and

RS, AND PB. MOYLE. 2001.



128 PROCEEDINGS OF THE CALIFORNIA ACADEMY OF SCIEN
Volume 56, Supplement I, N

Homogenization of California’s fish fauna through abiotic change. Pages 33-56 in J.L. Lockwo
M.L. McKinney, eds., Biotic Homogenizatioi. Kluwer, New York, New York, USA.

MCcKINNEY, M.L. 1997. Extinction vulnerability and selectivity: combining ecological and paleontol
views. Annual Review of Ecology and Systematics 28:495-516.

MCcKINNEY, M.L. 1998. On predicting biotic homogenization: species-area patterns in marine biota. Gf,
Ecology and Biogeography Letters 7:297-301.

MCKINNEY, M.L. 2002. Urbanization, biodiversity and conservation. BioScience 52:883-890.

McKINNEY, M.L. 2004. Measuring floristic homogenization by non-native plants in North America. Gi
Ecology and Biogeography 13:47-53.

McKINNEY, M.L. AND J.L. LockwooD. 1999. Biotic homogenization: a few winners replacing many lose
the next mass extinction. Trends in Ecology and Evolution 14:450-453.

MoonEy, H.A., AND E.E. CLELAND. 2001. The evolutionary impact of invasive species. Proceedings of
National Academy of Sciences USA 98:5446-5451.

OLDEN, J.D., AND N.L. Porr. 2003. Toward a mechanistic understanding of prediction of biotic homogeni
tion. American Naturalist 162:442-460.

OLDEN, J.D., N.L. Porr, M.R. DoucLas, M.E. DoucLas, axD K.D. FauscH. 2004. Ecological and evolut
ary consequences of biotic homogenization. Trends in Ecology and Evolution 19:18-24,

ORNSTEIN, R., AND PR. EHRLICH. 1989. New World, New Mind. Doubleday, New York, New York, USA.

PETIT, R.J. 2004. Biological invasions at the gene level. Diversity and Distributions 10:159-165.

PivM, S.L., AND T.M. Brooks. 2000. The Sixth Extinction: How large, how soon, and where? Pages 46-6
P. Raven, ed., Nature and Human Society: The Quest for a Sustainable World. National Academy Pr
Washington, DC, USA.

PURVIS, A.. PM. AGAPOW, J.L. GITTLEMAN, AND GM. MACE. 2000a. Nonrandom extinction and the 10s
evolutionary history. Science 288:328-330.

Purvis, A., K.E. JONES, AND G.M. MACE. 2000b. Extinction. Bioessays 22:1123-1133.

PySEK, P. 1998. Alien and native species in Central European urban floras: A quantitative comparison. Jou
of Biogeography 25:155-163.

QuAMMEN, D. 1998. Planet of weeds. Harper's Magazine 115:57-69.

RADOMSKI, PJ., AND T.J. GoEMAN. 1995. The homogenizing of Minnesota lake fish assemblages. Fishe
20:20-33.

RAHEL, F.J. 2000. Homogenization of fish faunas across the United States. Science 288:854—856.

RaHEL, FJ. 2002. Homogenization of freshwater faunas. Annual Review of Ecology and System
33:291-315.

REGAN, H.M., R. LUPIA, AND A.N. DRINNAN. 2001, The currency and tempo of extinction. American Nafur
157:1-10.

REICHARD, S.H., AND P. WHITE. 2001. Horticulture as a pathway of invasive plant introductions in the Un
States. BioScience 51: 103-113.

RHYMER, .M., AND D. SIMBERLOFF. 1996. Extinction by hybridization and introgression. Annual Revie
Ecology and Systematics 27:83-109.

ROSENZWEIG, M.L. 2001a. The four questions: What does the introduction of exotic species do 10 divers
Evolutionary Ecology Research 3:361-367.

ROSENZWEIG, M.L. 2001b. Loss of speciation rate will impoverish future diversity. Proceedings of
National Academy of Sciences USA 98;5404-5410.

RuUiZ, GM., PW. FOFONOFF, AND J.T. CARLTON. 2000. Invasion of coastal marine communities in N
America: Apparent patterns, processes, and biases. Anmual Review of Ecology and System
31:481-531.

Sax, D.F, S.D. GAINES, AND J.H. BROWN. 2002. Species invasions exceed extinctions on islands world¥
A comparative study of plants and birds. American Naturalist 160:766-783.

Sax, D.E, aND S.D. GAINES. 2003. Species diversity: from global decreases to local increases. Tren
Ecology and Evolution 18:561-566. |

ScotT, M.C., AND G.S. HELFMAN. 2001. Native invasions, homogenization, and the mismeasure of integh
fish assemblages. Fisheries 26:6-15.



| ICKINNEY: NEW PANGEA o

VAZQUEZ, 112 ‘\"”I (g ?Izh:BER;OFF. 2001. Taxonomic selectivity in surviving introduced insects in the United

States. Pages 103124 in J.L. Lockwood and M.L. McKinney, eds., Bioti i

York, New York, USA. y, eds., Biotic Homogenization. Kluwer, New
vermen, GJ. 1991 Wl?en biotas meet: Understanding biotic interchange. Science 253:1099-1104
WAITE, S. 2000. Staristical Ecology in Practice. Prentice-Hall, Englewood Cliffs, New Jersey, US A
wesTeRN, D. 2001. Human-modified ecosystems and future evolution. Proce n e '

o ed,

of Sciences USA 98:5458-5465. ings of the National Academy
WILLIAMSON, M. 1996. Biological Invasions. Chapman and Hall, London, England, UK. 244 pp
WoODRUEE, D.S. 2001. Declines of biomes and biotas and the future of eV(;lut' oceedi .

ion. P 7
Acadeny of Sciences USA 08:547 1-5476. n. Proceedings of the National

Copyright © 2005 by the California Academy of Sciences
San Francisco, California, U.S.A.



